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ABSTRACT A 4.S-kilobasc UNA fragment earn inn an irn- 
nuirioglohulin gene coding for a m«uw X chain variable region 
( l\ gene) wa* enriched about 350-fold from a total r inlmujcleasc 
FcoRl digest of embryonic P.N'AJby a combinaiionml pre- 
parative agarose gel v le olrnph ore sis Oi double-vim ruled ON A 
and CsCl density gradient cent ri fixation of R-loops formed with 
a purified X chain inHNA. UNA fragments Mms enriched for the 
immunoglobulin gene were inserted //; v/fro in I he middle of 
the genome of I he vector phage Xgt H'ani 403, /Tarn 100, Sam 
100 by use of the KcoRI cohesive ends. Transection of CaCiz- 
trealed father ichi* coii 803 |r^~, mi (lacking restriction and 
modification «ystenn; for K-12)| with such hybrid DNA find 
subsequent screening of about 4000 plaques by in situ hybrid- 
ization with purified ,£5 Mabeled X chain mRNA led to iso- 
lation of a clone that carries h V* gene (Xgt wi;s*Ig 13). KJeclnm 
microscopy of ft-loops confirmed the presence of sequences 
homologous io part of the X chain inRNA in jts 5'-cnd. 

The recent iv developed in vitro recombinant ON A technique 
is a powerful tool for studies on the organization and function 
of cukaryotic genes (1-4). By using this lf*:lmiqiir. several D\A 
clones have been isuhded from a variety of enknryofes (5 7) 
Almost all of these clones contain DMA of reiterated gene.*; a 
defined, unuii^, eiiknvyotie gene of chromosomal oiigm 1 1 ^ > 
no! vel been cloned. 

The structural genes for immunoglobulin chaim constitute 
a multigeile furnilv. in uhich as many as;> few hundred unique 
but dourly related DNA sequences seem to be clustned to 
gcthcr (8, 0) The sequences that code foi the uiuino-leniiiiiul 
half of immunoglobulin light chains are conventionally called 
V genes. The DNA sequence.* coc)ing for llie earbo.xyl -terminal 
half (C genes) lie separate from V gene* in early embryonic cells 
(ft, 9). During different iat ion of lymphocytes, a specific re- 
combinatioitid event ,wpm< to oocm, which brings one of the 
multiple V genes in contiguity to a C gene (10) The re- 
arrangement permits I he emit i minus trantci iplii.m of a full 
immunoglobulin gene. Furthermore, there is strong evidence 
for changes of the coding inlorniation within V genes by a 
somatic mechanism ( 1 1-13). 

In order to study this gene family, it is useful to isolate 
chromosomal DMA fragments carrying immunoglobulin gem* 
For this purpo.se. we enriched abom ,1 r >(V fold a OVA fragment 
from on endonuclease £f:oRl digest of total mouse emhr\n 
DNA. Hy Irausfcetinn of host bacteria u-llb phage X DMA 
carrying this mouse DNA fragment as an insert, and b> subse- 
quent screening of plaques with a purified light chain mRNA. 
we were able to isolate a clone fhal carries a V gf>n*- coding fr>r 
a X-lype immunoglobulin light chain 
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MATERIALS AND METHODS 

-Bacteria and Pluses. Escherichia coli 8(X3 |ri" mt" i)t: IJJ* 
(lacking restriction and nnxlification systems for strain \. 12 
;md wild tyrx> for suppressor Ifl)|, originating from K And N. 
R. Murray, was ohtAimxl from W. Arbcr. Bioccntor, Flascl. 
^g*v\-i«-XC waii const ru cl cJ by L. F.nqubL and coworkers at lite 
U.S. National Institutes of Health (NIH) and provided by R. 
Weisberg (14). The central EcoRf fragment was removed by 
preparativfl g*l electrophoresis. This pliage was approved, in 
January 1976. fts an FK-2 vector by tk« NlH Advisory G>m- 
mitter-oo Recombinant DNA Research. The experiments were 
carried nut in u P3 faeiliry in accordance with the NIH guide- 
lines issued in June H)7ft, 

Preparative R-Loop Formation. Kur R-loop formation, the 
l»r(K"exlurfs des<rril>e<l by Thomas et al (15) were followed, with 
minor modifications. The FmRI mouse DNA fragment en- 
riched for the V \ gene sequences wen* dinly?**) against a 
mixture composed of 70% (vol/vol) formamide (Kodak, 
deionized with Bin-Rnd AC 501-XBCD mixed resin). 100 mM 
pipOTuzine-/V..V / -liis(2-ethancstilfoiiir acid) (Pipe*) 5 mM 
NasiEDTA, and 500 mM !Mh< 1. which was adjusted to pM 7.fl 
bv addition .of concentrated HCl To f>00 of this DNA ;90n 
Atg) mixture was added J 20 *d of RNA «>lufion consisting . f C 7 
W of purified HOPC 2020 X chain mRNA. 10% formamide, 
itnd 0. 1 M Tris HCl. pH 7.S. The mixture was incubated at 56 
± 0.2° for 7 hr, after which -10 ml of cold solution containing 
2(1 mM Tris-HCl at r*II 7.5. 2 mM Na 2 EPTA, and 6^ SSC was 
added (IX SSC is 0.1S M NnCl/0 015 M Na citrate at pH 7) 
Solid CM"} (Merck, gradient grade) was then added to a re- 
fractive ipdex ni> iV = 1 JO I The mixture was centrifuge*! in 
two tubes in h Spinco Ti 60 roti>r at ^,000 rpm and 10° for 3 
days. Aliquols (0.25 ml) of the 1 -ml fractions were mixed with 
0.(j ml of water, sonicated for 1 min In presence of 100 vg 
of presonicsled E coli DNA. and dialed against water. 
Fractions were made 0.3 M in NaOH. incubated for 60 min at 
15°, and neutralized by addition of a mixture consisting of 1.5 
MHCI and 0.6 M Trlx-HCI, pi I 7-5- DNA was preripirate<l with 
etbanol and dissolved in 20 /J t>f 2y SSC. and 1000 epm of 
'^MaWed IIOPC 2020 X mRNA (specific activity 8 X 10 7 
epm/iig) was then added. Hybridization was carried out as 
described previously (10) The remainder of the gradient 
fractions enriched in the R-loops were j>ooled and supple- 
mented with (IsCl solution to ni/ v = 1 401 and rcceulrifuged 
at 10" in a Spinco type fi5 rotor at ^,000 rpm. One-quarter of 
each fraction was used to localize the position of the R-joop. 
Nucleic acids in the remaining portions of the R-loop-enriched 



Abbreviations: kb. kilohase (1000 bases or bnse twin): SSC. 015 M 
NaCI/0.01S M N)j» citrate at pH 7: Pi™*, piperaitf^ bi$(2-«th- 
Mn^idfnnic ncid). cDNA. UNA coinplementory to KNA. 
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fractions were precipitated with etlnmnt. The precipitate was 
Lolved in 50 m> wf 0 02 X SSC confining 1 mM Nu a KDTA 
500 mM Tris-HCI pH 6.5. The mixture was incubated at 
50* fur 30 min in the presence of RNase A (40 Mg/nd) and 
RSase Tl (4 units/ml), and deproteinized by phenol extrac- 

n °Liga*ion and Transection. Ligation wis carried out at 10" 
for J I hr. The incubation mixture (200 ;d) contained 2 /<g of 
m ouse DNA, fl /ig of Aglwns DNA devoid of (he FxoRl C 
frienient. and 20 units T J lipase (Miles) in 66 mM Tris-HCI, 
' H 7.5/10 mM MgCWl mM N« 2 E1)TA/70mM NaCI/lOmM 
ditliiorhreilol/90 uM ATP/bovine serum albumin (Miles) at 
100 iig/ml. Tint reaction was slopjvil by addition of Na 2 EDTA 
m 2.5 mM followed by heating at 70° for 3 min. Transection 
procedures were those of Mandd and Tliga (16). as minified 
by White and Fox (17). The host bacterium used was E. co/< 

^Plaque Screening by In Situ Hybridization. Procedures 
described by Kramer et ol (18) were used with the following 
modification. Agar plugs containing a single plaque were 
transferred to a with 1 of a microliter dish containing 0. 1 ml wf 
10 mM Tris-HCI it pH 7. 10 mM McCl a , and 0.02% bovine 
scrum albumin With the aid of * clninW <M "Oamp," 2- to 
aliquot* of the phage suspensions from 80 wells in a single 
titer duh were trnnsferrpd simultaneously to a RRT. plate and 
onto it 0 X $.5-cm rectangular Millipore filter thai had been 
tjovere.i with a thin layer of soft ag;>r containing K. voli 803. 
Hvbndization w;»$ carried mil al 50' for 15-20 hr with 1 to 5 
X Hy epiu i»rr filler of '^UaU'led HOl'C 2020 K chain mRNA 
(specific activity: 8 X 10 T epiu/jig) in SO 1 .* formajiikle and IX 
SS*C buffered with 0.1 M Pipes. 

Electron Microscopy. I IrtcTodnplox preparations were 
made according to the method of Davis et al (19) R-loop* were 
prepared essentially as described by Thomas ct al. ( 15) DNA 
{10 jjir'ml) and mRNA (S uK/ml) were incubated in 70% 
formr^ide/lOOmM Pipes /20mM Tris/5 mM KDTA. pH 7 S. 
and \.iTinuj! NaCl concentrations The incubation proceeded 
for 1* 20 hr either at 57° and high salt (0.57 M final ration 
coneenir;.liim)i>r al 51* and low wlf 1,012 The hybrids were 
spread from 70% formamide; 100 mM Tris/lf) mM FDT.V pH 
8.5 on :t hyi*>pha^ containing 10-20^ formamide. 20 mm tn&. 
2 mM EDTA at pH 8.5. Micrographs were made on a Philips 
:100 electron microscope, and measured with a \umnnirs di£- 
iti2er on 10-fold enlargements of the negatives. 

Other Methods. Isolation of hiuh-molecular-wei«ht DNA. 
punfu .tion nf light chain mR VV isolation of the :V-end Hit II 
uf ml' ,'A. preparative agarrw ge! eW-hnphnnw. anrl use of 
the R x \ probes in the detection nf DNA fragments carrying 
immunoglobulin V and C gone sequences have all been de- 
scribed (12. 13). 

RESULTS 

Enrichment of the EeoRI DNA Fragment Carrying a V\ 
Ccne. Highly polymerized DNA from 12-day-old RaLR/'c 
fimbi yos was digested to completion with EeO.KI. and resulting 
DNA fragments were fractionated according to siae by pre- 
parative agarose gel electrophoresis. Portions uf DNA eh i red 
frorn ouch gel slice were used in hybrid formation with 125 1- 
laMed, purified whole HOPC 2020 X chain mRNA (u prob* 
for V\ N and C\ .sequences), in order U> delect fragments carrying 
V x and Cx genosOO). Thw DNA components of 7.2. 4.4. and 
3.1 Icilobas** (kb) hybridize! with the whole \ chain mRNA 

(Fig. 1). The largest, 7.2 kb, component hybridized ;ds*> with 
th© 3'-cn«l hiilf, (a pnilm fnr f? A gem M:qm:m:<:s), indicating that 
this compoiiKiil canity C\ g»'iitf MH|«itfiic«.<s. Furthermore, 
eqtialitv in rhe. level of hyhridi/atiim obtained with the two 
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KIO. i. Agarose gel electrophoresis profilen irf an EcoRl digcsl 
of total ornbryo DNA. DNA M mg) wns frartionrtted in 0.9% agarose 
1 1 cm thick, '20 cm vvldc). Onc-t'iflh nliMUub of DNA clulcd from G-mm 
«rel slices were hybridized with , w I-iBlml«d (ft X 10 T cprn/yg) whole 

A chain mRNA from HOrC 2020 myelomfl to O) or with its 3' end 

hnlf (• %) to ( : 0 l - 10.000 ftrr lnf»pnH nf Tablp '> for definition nf 
CM. Innuts werft 1M00 ^pm ,inrl H'iO r.pm fnr the whole and half UNA 
pruhfts. rftRfWifitivftly. Othfr prncwturw havr been previously described 
( ]l"0. Nmitl^rs ;it. the tup indicate size Hn kb) uf duplex DNA mrtrk- 
ers. 

RNA probes suggested that this component carries no V K gene 
sequences t£. 20). On the other hand, the two smaller DNA 
components did not hybridize alxwe the background level with 
the il'-cnd half (S, 20). They therefore carry no Cm gene se- 
quences and presumably earry gene sequences. 

The -l.4-kb component was jMXjled from jscvcral gels, and was 
incubated in formamidc with or without excess IIOPC 2020 
\ ehain mRNA, and fractionated by CsCl density gradient 
cent rif ligation. Profiler of hybridization with '- 5 I-labeled 
HOPC 2020 A chain mRNA are shown in Fit;. 2 A and B When 
no ,\ chain mRNA was added during incubation in formumido 
(Fig. *2Z?). llic fragment carrying V A gene 3«qu«nce9 cobandfd 
with the bulk DNA. When X chain mRNA v/as added (Fig. 2A). 
the major proportion of the V\ sequence-carrying DNA banded 
;it :\ jxwition that was clearly heavier than the peak of t lie bulk 
DNA. The bnovani ditnsil v :i1 I he hybridization peak in Fig. 
2A wos 0.01.8 g/eov' higher than thnt in Tig. 2B. 

In i\ yvpuntle experiment we isolated a Xwes phage that 
comLimvs a* il.n in^rt » ti-$M> mouse DNA fragment (generated 
in FxrtRV) currying ri bosom al DNA ^ccjuenccs (unpublished 
rc3uh>j. Wlu.n ihr; DNA fragment exeiyed from the phage gc 
nome was anneulcd with purified mousw 1SS ribosomal RNA 
^2,0 kb) and ccnlrifuged to equilibrium in CsCl. the R loop 
handed al a position 0 023 g/cm 3 dens*:r than the duplex UNA. 
\$ a first -order approximation, the density increase of R-loops 
is inverse ly proportional to the ratio nf the lengths of DNA and 
KNA. The lengths of the V A -carrying DNA fragment and the 
A ehiiin mRNA are about 4.8 and 1.2-kl>. resrwxtively (10, 1L). 
W« therefore iixpcel lhat the \\ -loop formed between them is 
0.010 j;/t.:m ;t heavier than the DNA duple*. Tims, we assume 
that the major hybridization peak observed in Fig. 2A is com- 
posed of such an R-lnop, In Fig. 2A a second hybridization peak 
is observed in fraction 10 This component was not character- 
ised further. 

Fractions 12 to 16 shown In Kifc. 2A were rcccntrifuged in 
CsCl The profile of hybridization is show* in Fig. 2C. While 
the hybridization peak remains al the original prwirion, » largo 
proportion of DNA (i.e.. A £ <h> absorbing material)' banded at 
the position where the hulk of the DNA banded in the first 
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" * J «!r»»raiiv t . I! I„. M , run/mii.u,. ,.KI di«rsiwl mtMh v,»,jit 

DN A preJr;n l.nnaie(J l,v ; jij.yr. K ,.J ,.lcciii,|ihnrt*1 b I.n \\ p «... 

™?7T** """^d in th * l- i n>rn,^ I •< i am! r.hson^ ,■/>, (l , : HOP<" 
2020 A dmin mRNA and cam rifii^-d in C«C1 d*M.nUd i„ .w f ,„T| ( ,/. 
iindMcthmts rations 12 In HUhnwn in ,1 »nd am.il.rr i.d... uhich 
flowed profile nearly identical to A wen- ,m 0 ]od »nd rr-rrnnifu"^ 
(CJ. O....OM !W il •.ONA-KNA hybrid:. hii.,ya„uj ( .,«.i 

ceiitrifiigaiiun. Fraction* U to I0>liown in Fig. 2C um . ponied 
and used for cloning. 

Enrichment fur DNa fragments earning the V A gene w;o 
approximatrK JCK and -Mold b> agarose gri elmrophomsi.s, 
Hfid by the first and second CsC] density gradient ceniril na- 
tion respectively. If we assume dial othei operations carried 
nut between thr.se steps, such as t-ihanol precipitation and di- 
alysis did not cause loss of specil'ie DV\ fruKmenU, the overall 
enrichment factor was about 'IHO-Cold. 

Cloning of the V A One-Carrying D\A Fragment in Phage 
Awt> Approximately 2 /ig nf DNA reeoverecl from the second 
gradient, which originated from about 10 mg of /^OKI-digested 
embryo DNA, gave aU.ut 6000 plaques under the transition 
conditions described in Materials and Methods. We screened 
about 4000 plagues by m situ hybrid i/ui inn with l2S J-l a heled 
OPC 2020 mRNA. The 38 plaque* ihut produced grey or 
black autoradiographic spois of various Miengih* were re- 
crammed by a second in situ hvbndizatinn with Ii-ns RNA 
probe. Because the X ohain mRNA pr oU- used was about 90& 
pure, and the impuiily is distributed aiming many different 
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Hyhridizulinn of '^I-labeled light chain mRNA and it* 
. fra gments w ith AkI-Ir )3 DNA 
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UNA whs hor.t d«nflmr<:d >inH Hr.wl on « Milliporc filter by thr 

'"V ov Jc it^ an !! ■ S '' lie « elm «» Hybridation wbr W rie<l 
nut in Jx .S ; s( huik-rftd wiU, 0.05 M Pip«s, pH 7.1, at 69° for 14 hr 
bpci.,1 an 1 vii v . .f RN A wa« a x I0 T «pm/^ lur whole and .T-end half 
A rhaii. mKNA and .12 X jo* cpm/nK for « mRNA. The hybrid was 
assmrtl hy kNbfc ireulmcnt (RNns« A. 20 *, K /ml: RNm Tl •» 

tn,H UoUl j^mem was replaced wivl. n 6.9-kh mnnw DNA 
ra?n»ri.i oirryu,,* rilkx^uial ON A ^uuenccs. The ^^l-Jflhnlr.. :'. en d 
lm" »i tin? * Ch.iin mKNA nnd the whole « chain mRNA u*od i„ thu 
ihollir''" 1 hVbnil,Vd WH " wiUl « ; « ,r ^pondine cDNA t rf u u not 

RNA spreies. eneh composing a wnall fraction of the mRNA 
prepan.1 ion f 1 2). the use of smaller amounts „f the RNA probe 
m hyhndizaiinn favors deletion of the DNA clone cornpU 
nienlary to the major mRNA mmponent. Out of the 36 planum 
re-cxammed in lhi< w *y, one. plaque. Xgt w ^Ig 13, pave n 
riwtim-tly Stronger aulnnidiogruphic sp.it than ik« others. 

Characterwliw of Xgt wcs -Ig J. 3 UNA by Hybridization. 
ht O\{\ d.gwl „,„ of the DNA extracted from ll.« clone Agt wrs-lg 
13 yields), in addition to the left and right arms of the parental 
Agtwrs genome, one fragment of approximately 4 9 kb in 
agarose Rel Hi.rtrophi>««k (data not ahown; also **: l>r.low). In 
I at)le 1. hybridization properties of the ONA with various RNA 
pml^ are shown. T)w DNA hybridised well with HOPC 2020 
whole A mR.VA ;vhr,ea, the level, of hybridization obtained 
with the 3 -rnd half of the .same mKNA were no higher than 
"hru the sa me mRNA w,s hybridised to a clone -carrying 
mouse nbcwomal DNA. The n»ul|» suggest that Xgtwr<-lg 13 
DN A contains V \ ^ene mx|uen«is and lacks C A Gene seouence* 
r 1 ,,0 ? : k?S !!"« N A.TIi«i»me DNA show^no 1 y £il» 
Uun with MOP( . 321 a elnun mRNA. R^uuie the** experimenU 
were eor.duel.'d with DNA baked on „ Milliporc filter, the ef- 
Itcieney nf hybridisation was not high. 

In order to circumvent the probhtn). full | en gth con.plr- 
uienta.y D\A u DNa) wa.s aynth««7*d fnnn A chain mRNA 
with (he reverse transcriptase (RNA -dependent DNA polv 
nierxse) ol ;,vian myeloblastosis virus, and this DNA uas hi- 
hi uhzed xv.th ean^ Xgiwr^Ig 13 DNA in liquid. The results 

Knr rT " l J^ ) v 1 ™ h « n ^ h V ^droxyapatitc. at least 
11I the cDN A prepared cither from MOPC 104E X chain 
mRNA or HOFC 2020 X ohain mKNA hybridized with the 
clone*! DNA. When nuclea* 5>1 wa.s used to remove the tail 
(and ixwibly some mismatched bam), the hybridization levels 
were reduced by about ono-half (Table 2). The mc*n melting 
|x>im of the hybrid thus formed was 84° in 0.12 M N;iPOj a* 
assayed by (he hydroxyapatitr method (data not shown). It is 
not surprising that hy bridization of cDNA, as assayed bv hy 
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T.ihle 2. Hybridiiniinn of ^-MMubeled A chain cDNA 
, with I* 13 UNA . 
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The mouse I3NA insert (Ig 13 DNA) was prepared hy EcnRI di- 

*osli<m of AjMwks J K 1:i ^>NA nnrf subsequent frartitnuuion in n.9% 
Van** 1 sjcl. Full" trniVicripr. cDNA was prepared from MOPC J04K 
^\ ,-h.iio mRNA by a inndifir.ition of the method describrd hy Moim- 
rnn<< rJ (''^.TherUNA ("K -labeled) was mixed wiihrxceaa Ig V\ 
|)N \ ' t*'»PV ^ «40) in TE buffer (10 mM Tris-HCl, pH H.0/1 m.M 
Nil »t* UTA) and heated at 98° tor ri min. NaPO* buffer (pH «.!») wjis 
i, ( J(K-.i - i* -M0 mM and the mix turn w*s intubated at HO* to thn indi- 
es u.-d '.'..i vnbifts. For the hydruxynpatilfe assay, the nnnwilinc mixture* 
«er« made to riOmm NaPOj by the addition of wntor. rind re 
UdcH ™ a small hydroxynpiit.iU' rolumu pre-equilibrated wiih r>n 
mM Nn) J 0 4 , nil 0.9. at fiO°. The column was washed with 3 ml ot the 
erne buffer and the hybrid was eluted with 6 ml of 0.4 M NaP0 4: pH 
(».9. Th* hvbria fraction was determined by dividing the radioactivity 
iiH h* OA M NaPOa fraction l>y the total radioactivity rnmvarfid from 
the .'til iimn. For the nudvaw Si rttcay, tho annealing mixture whs 
divided inti> two equal parrs. DNA in one pnrt w;»s dirertly prccipi 
cr. r: vith trichloroacetic acid, while DNA in the other part was 
Ijn.'i : ■ :ited after treatment with nuclease Si. The hybrid frarrion 
was »: -rtmined by subtracting thn intrinsic S I -resisimn <:pm \ l-Mo 
from ::a* ratio the Si -resistant cprn and the loUil acid-prncipitfibl* 
cpm. r 0 sample was -prepared l)y plari»K the heal -dt» nam r.-d 
sampi* Hirortly in a dry irK/tflhniiol hath. 

* refers to tho concent ration of DNA in moles of nurleoi.id* per 
liter, times incubation lim* in hh*. 

dn.nynpatite. is incomplete (up to 6-1%) because the X mRNA 
used in preparing fhe rDNA was about H()% pure, and I he ef- 
fidor..-y of hybridization under these conditions is about 90$ 
The rtviidts confirm that tho Xi'.lwrylg 1U done ear ncs l\ 
gene »i j *pw»in:i:s. 

Characterization of Xgtw.s-l* ^ ^ NA Electron Mi- 
croscopy. The length of lho inserted fragment of rnnu.Ni: embryo 
D\ \ was determined by two indepenrlonr met hods. Agtwivi^ 
V) DNA was digested with F.cnWl and thr length of the three 
rrsnlHng fra^m«nts w:is niea.surwl. using phage VK\2 DNA (10 

kb) lis the internal length slandaid. The left and right arms of 
tho v.vtor wr.rr oMloulalod to he 21.2 and 13.0 kh. rospecHvi-lv; 
the luiiiwc DNA insert was 4.S kh. 

1 1. \et e r od u pi e x p n *pa ra t i oris In? t w e en Xg t w t;>; X •' 1 o d 
Vgt yw . s I^ 13. these men.turomont.s were eonfiriru^l. Wo ob 



PtC. fl. Gketron mictoumpVi nf bfiiTuduplex moli'tulo Inrmi'd 
lwtwri'.n Xkiwkn-XC find XptwK^du i:t The Inffrnid markrrv n.-.#«d ;\rr 
l)b;i|{i> id aiu(.de-HtrandeH DNA I0:i;l0 uuiiwoiidc-v) and \\\\n\'fi KM.- 
HNa HO kb). 
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Kir.. 4. Schematic representation of I lie maps of Ariwk^-NC and 
AntwKs-l|i 1.1. The arrows point to Et oltl dcavage All lengths 
urc pi veil in kilubutiv (kb» units. Tin* b-»ite.1 area in the mouse DNA 
insert represents the region of scqnp.nce homology with HOPC 2020 
mRNA. 

served one large heteroduple.x region (example shown in Fig. 
3) at the expected position (between 53 I and f>5.2 map units), 
the two ;irms of whirh wen.*' 4.8 and 5.5 kh long. Schematic 
representations of vector and cloned DNA ur£ shown in Fig. 
4, 

Fur the confirmation that the mome DNA. insert contains 
i immunoglobulin gene sequences, purified myeloma HOPC 
2020 X chain mRNA was hybriduud li> the cloned ON A under 
ciindifinn* of Hdivip formntion (15). !V»lh irumbation conditions 
(51 and low salt, or !>7° »nd high salt) ro ve only low yields of 
hybrid molecules; 20-30% of the molecules displayed a small 
R-loop (Fig 5) Many of the lo«^ps had a small mil or "whisker" 
on one side. The position of the U-loop. as measured nn 89 hy- 
brids (nhhiinvd under vMrious iiKMilwdioii conditions) is at 6-'} ± 
1 mnp units from th^ lidl mil of I he inoliH-uie i.Fig. 5). The 
Irtn^tL of the loop and the Unil are- 4(X) i. WK) nnrlt-otidcs and 
20<MM) nurlr.otidrs. rrspcclivcly. TIksc turgc variuliuns 
prnlmbly result from a lack of extension of the RNA whiskers 
under the spreading (roiulitions us<.'d. Furthermore, some of the 
H loops Appeared to bn partially (jollnpsed or shortened hy 
bmnrh nu'gnitiou. We shidl publish i\ detailed discussion of these 
mailers elsowhoie The r#*sidts obi:iiii(*d permit the following 
conclusions. 05 Onlv rtboui half of I hi? toi:d niRN'A molecule 
hybridizes rn the Mnned DNA fr:igrr.ent. (ii) The sequences 
homologous to the A chain mRNA lit; within the cloned DNA 
fragment, approximately 2. 2 riuip urr.ls from the right end of 
tin: insert. 

DISCUSSION 

Isolation of ;i DNA fm^mcnl euir>inM * uTiiipie muinmalian 
Rene by "shotgun" in vitro rronm hi nation leohnirpies requires 
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Fie. 5. Electron micrograph of hybrid molecui* formed betwwun 
•VtwF.S-lK W DNA und HOPC 2020 mRNA. Th« R-loop *ith fln RNA 
tail is shown at higher rnaifnificMtion in t)ic uisfrr . The hLstoKram shows 
the umouft position of the Rdonp at n.t map units from the IrH rod 
of the XrI.wk.s-Ir i:i molecule Thesw measurements represent one 
r.Kperiment in which Rdoops were formed at 57° and high salt, And 
spr«ml from 70% formamide (see. MnU riats and Methods). 
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screening of about u million indeprrndriilly :>ri.sin£ clone*.. Such 
an approach has tarn made feasible by ihc recent development 
of a rapid screening procedure (23). In the sturlv rejjmted hen;, 
we followed an alternative approach in which biochemical 
pre-enrichment of a specific DNA fragment wsis combined w ith 
screening of phage plagues by in situ hybridization. 

Besides size fractions r inn by agarose gel electrophoresis, 
several procedure fnr gone enrichment have been reported (7, 
24-27). Whereas all of these procedures make use of specific 
base- pairing interaction between polynucleotide chains, the 
R-loop method is unique, in the sense th:it the two ctmnds of 
the duplex UNA to l>e isolated never com pint civ dis-wirialn 
during the enrichment pr oc.*m. Thit nol onl> t linun.-.k-, ih r 
problem* arising fr<»»n sin^Ie-sti and breaks, v-hieh ma\ v.:i) 
well occur during ihc isolation piovcduru. hut rd.vi ».ib\ iytu an 
extra annealing step in restore lhr duplex slructtiir. The latter 
sicp is ]K>tentially a problem b«e.j»u$e if i-hort segments of the 
DNA fragment of interest are repeated rdsewliere, the related 
sequences might prevent legit incite re:tss<X'i;ili"ii of corre- 
sponding single-stranded DNA pair*. The R-loop met I nit I w;iv 
previously adopted for enrichment of repetitive Dnwphila 
nu>Umr>(>asieT rihsomal DNA (7). Our shirl> demonstrates that 
rhe method is also applicable in u unique mumm:»li;,n ]>\ \ 
a pre- enrich menl srep in gene cloning, A IbniuUoji of l his 
method us a universal gene enrichment p/ucedurc. besides the 
requirement for mKN'A purification, amcs from lhr .!.*< v^r.^r- 
in buoyant density as lhr length of DNA lrhitive to HX\ in- 
creases. This problrm. however, ma> be overcome :,\ devel- 
oping specific affinity columns. 

Roth hybridization and election microscopy studies clearly 
demonstrate that the cloned XgUvi.$-Ig 1.1 DNA coninim a »> 
gion whose base sequence is highly com piemen tar\ to a part 
nf n X chain mRN'A. This, legion is about 4<X) nucleotides long. 
Lack nf hybridization of the V-end half of the smw inRN'A, as 
well as the frequeul appearance ;u one end of the R-loop of an 
RNA tjtil that is longer than the expected pnly(.\ ) toil, indicate* 
tliat the homology is in the 5'-end h;df of the mR.N'A. oi in the 
V\ gene. The possibilities, that the R\ A util observed is either 
poly(A) alone, or that it results from a partial priding nf the 
R-loop structure, were eliminated by our recent following ex- 
periments, The purified mouse ON A fragment was denatured 
and annealed with full length cDK'A obtained from n X chain 
mRNA. Electron miei<.JNcopic examination of die hvbrids 
showed thai only about half of the cDNA molecule hybridized 
to the cloned DNA. and that the oil ier half extended a.vu sin- 
gle-stranded tall, approximately 500 nucleotides long (C. Rraek. 
unpublished results). 

The location and length of the homology region within the 
mouse DNA fragment was ;d$n confirmed bv the combination 
of physical mapping of restriction enzyme cleuvuge >iles .md 
the Southern blotting technique (28). and by K-Ioop mapping 
of the purified mouse D.VA fragment (unpublished results). 
Those results might be taken as a direct confirms lion of our 
previous experiment* showing thai V A and gene iequciiee.s 
occur at separate position*; in the DNA of embryonic cells •*). 
The existence of the second ty[>e of X chain (a A I( chain) rep- 
resented by MOPC 315 myelnim. complicates the siluaiinn 
Chains of the Xi type (In which all other known tinrlomu \ 
chains belong) differ from the Xn elmio by only .10 to .1 •?. amino 
acids in the V (variable) regioa^ whereas rh^y nre diff#* r**nl by 
29 amino acids in the: C (const ;*nl) rogioxi (20. -00). The poly- 
nucleotides corresponding to those two typv.v of chain;, might, 
therefore, cro»hybridize in the V region, and not in the C re- 
gion (13). The possibility thus rftmnirw'llwt the V x gene con- 
tained in the Xglwr^-lg J3 clone codes for the Xn chain, .tod we 
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might have overlooked Cxn sequences which may lie imme- 
diately adjacent to the homology region. The determination 
ol thp. nucleotide sequences will clarify these matters. 

Note Added in Proof. Ncccnl nucleotide wrqwenctng Study showed 
th»t the A^twi^.Jg p) clone miniums o V^h gt^r»r and no Cxn gen* 

(unpublished data). 

W r thank l)t M Potter and Di M. f: nhn f/ir providing us with 
niyrlnmii liney. Dr. ), Beard foi irvrrse transcriptase; Dr. L. Enquist 
and lm cownrbrj; for maling Xgtw^ XC avhilsble; and Dr. T. Rickl* 
lot hi nnd PM? DNAs. Dr C Mfttthyvspn p\?.purrt) lhr cDNAs. Ex. 
cellent tftehnical assislanee. was provided by Mr. C. DAstrmrniioo. Mr. 
A. Traunecker. and Mrs. K Hiegert. 
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